Abstract A chitinase (ChiN1) from Halobacterium salinarum NRC-1 belongs to the glycoside hydrolase family 18. According to the three-dimensional structure model of ChiN1, Asn239 and Gln242 on a small helix between Phe237 and Arg247 were targeted for mutagenesis. Mutants N239D (Asn239 was replaced by Asp) and Q242E (Gln242 was replaced by Glu) were expressed in Haloarcula japonica and then characterized. Characterization of the mutants revealed that halotolerancy could be improved by introducing an acidic amino acid on the surface of ChiN1.
Chitin, one of the most abundant polysaccharides, is made up of N-acetylglucosamine (GlcNAc) by β-1,4 linkages. It exists widely in nature, such as components of fungal cell walls, shells of crabs and shrimps, and exoskeletons of insects. For utilization of chitin, degradation of a polymer is an important process. Chitinase is an enzyme that can degrade chitin into small molecules. Although many chitinases are identified from bacteria, fungi, plants and some kind of archaea, there is no report about haloarchaeal chitinases. Recently, genome sequencing of extremely halophilic archaeon Halobacterium salinarum NRC-1 was completed 6) , and a chitinase-homolog (named ChiN1) was found. The deduced amino acid sequence revealed that ChiN1 had a signal sequence and therefore should be secreted extracellularly. Hb. salinarum NRC-1 might degrade and utilize environmental chitinous compounds, although the strain produced only small amount of ChiN1. Mature ChiN1 would be composed of three domains: a probable chitin-binding domain, a functionally-unknown polycystic kidney disease domain and a glycoside hydrolase (GH) family 2) 18 catalytic domain. The gene encoding ChiN1 (chiN1 gene) was successfully expressed in extremely halophilic archaeon Haloarcula japonica 5, 9) . In the expression plasmid pChiN9 for ChiN1, there were the promoter sequence from the gene encoding the cell surface protein of Ha. japonica 10) and the chiN1 structural gene including both signal peptide and mature protein.
Generally, halotolerant proteins contain more acidic amino acids on the protein surface than non-halotolerant ones 5) . Hence, they could catch many water molecules to form a water shell around the proteins. Because of the water shell, proteins might be protected from salting out under high salt conditions. In this study, some ChiN1 mutants with more acidic amino acids were designed, prepared and characterized in comparison with wild-type ChiN1. Three-dimensional (3D) structure model of ChiN1 was constructed by using the Discovery Studio program (Accelrys Software, San Diego, CA, USA) based on the 3D structure of other GH family 18 chitinases (http://www.pdbj.org/index_j.html). It is considered that ChiN1 had a typical TIM barrel structure as other chitinases belonging to the GH family 18 (Fig. 1A) . Although there were more acidic amino acids on the surface of ChiN1 compare to other non-halotolerant chitinases, a small helix between Phe237 and Arg247 had no acidic amino acid (Fig. 1B) . The positions Asn239 and Gln242 on this helix were targeted for mutagenesis and were replaced by Asp and Glu, respectively. Site-directed mutagenesis of chiN1 gene was carried out with QuikChange Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA, USA) according to the manufacturer's instruction. The oligonucleotide primers used were as follows: 5´-CGTATTTCTCagACGCCGC CCAGTCGC-3´ (small letters and underlining represent substituted bases and a restriction site created for confirmation of mutagenesis, respectively) and its complementary sequence for mutant N239D (Asn239 was replaced by Asp), and 5´-CTCGAACGCCGCC gAGTCGCAGGCCAG-3´ and its complementary sequence for Q242E (Gln242 was replaced by Glu). The expression plasmids pChiN9-N239D and pChiN9 Q242E, encoding the mutants N239D and Q242E
Fig. 1. 3D structure of ChiN1 (A) and its enlargement (B).
Asn239 and Gln242 on a small helix between Phe237 and Arg247 were targeted for mutagenesis. Fig. 2 . Effect of NaCl concentration on activity of wild-type ChiN1 and mutants N239D and Q242E. Chitinase activity was measured at 37˚C and pH 6.0 in the presence of 0.08-3.8 M NaCl. Circles, wild-type ChiN1; triangles, mutant N239D; squares, mutant Q242E. respectively, were constructed, and then transformed into Ha. japonica. Transformation of Ha. japonica was performed using the modified polyethylene glycol method 1, 8) . Transformants were selected on agar plates containing 8.0 μg/ml of plavastatin (a gift from Daiichi Sankyo, Tokyo, Japan) instead of mevinolin. Ha. japonica transformants obtained were grown on the nutrient medium 7) supplemented with pravastatin to a late exponential phase. Extracellular and whole cell fractions were prepared by centrifugation at 10,000 x g and 4˚C for 30 min, and then applied to SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 4) using a 7.5% gel. SDS-PAGE analysis revealed the presence of a major protein band at about 70 kDa in the extracellular fractions of Ha. japonica carrying pChiN9-N239D and pChiN9-Q242E, as well as that carrying pChiN9 (data not shown). Chitinase activity was assayed by measuring the amount of reducing sugars librated from 0.2% Dai-chitosan M (a gift from Dainichiseika Color & Chemicals, Tokyo, Japan). The reducing sugars formed were measured by the modified Schales method 3) . The activity of wild-type ChiN1 and mutants N239D and Q242E was measured at various pHs, temperatures and concentrations of NaCl. The pH and temperature profiles of the mutants were almost similar with those of wild-type ChiN1 (data not shown). On the other hand, both of the mutants showed higher activity than wild-type ChiN1 in the presence of ≥1.5 M NaCl, although the optimal NaCl concentrations of these enzymes were the same (Fig. 2) . From these results, it was indicated that halotolerancy was improved by introducing only an acidic amino acid on the surface of ChiN1. Other mutants with more acidic amino acids are now under construction. Hyper-halotolerant chitinases might be useful for efficient degradation of crab and shrimp shells preserved in salt.
